Four triterpenoids, the scarce nortriterpenoid platanic acid, two flavonoids and 2,4-dihydroxy phenylacetic acid methyl ester, hitherto unknown as a natural product, were isolated from Madhuca pasquiery. The structures were established by means of mass and NMR spectroscopy.
Introduction
M adhuca pasquiery (Dub.) Lam., Sapotaceae, is a rare tree with elliptical leaves and yellow flowers growing in Than Hoa province, Ninh Binh prov ince and Vinh Phu province in North Vietnam. The oil of the fruits is used for nutrition (PhamHoang Ho, 1993) . In Vietnam the decoction of the leaves is used to treat burns (Le The Trung, 1994) . The constituents of this plant species have not been investigated until now. In continuation of our phytochemical studies on Vietnamese plants (Anh et al., 1996) , we now describe the isolation and structure elucidation of four pentacyclic triterpen oids, a nortriterpenoid, two flavonoids and 2,4-di hydroxy phenylacetic acid methyl ester, the latter one hitherto unknown as a natural product.
Results and Discussion
Leaves and bark of branches of M adhuca pasquiery were extracted successively with several solvents of increasing polarity. The extracts were separated by silica gel chromatography. The struc tures of the isolated compounds were established by mass and NMR spectroscopy. tent with those of friedelin (Prakash et al., 1987) . The differences in ring A result from the trans formation of the keto into a hydroxy group. The proton H-3 appears in the 'H NMR spectrum as a broad singlet at Ö 3.74 ppm, which reflects the aorientation of the hydroxy group by the missing Vaa coupling corresponding to the structure of afriedelinol.
Triterpene acid 2
The mass spectrum of this compound obtained from the EtO A c extract of the leaves shows the [M] + at m/z 504 corresponding to the molecular formula C30H48O6 of a tetrahydroxy triterpene acid. The fragment at m/z 264 is characteristic for the retro-Diels Alder product of a A12-oleanoic or -ursanoic acid derivative (Budzikiewicz et al., 1963) . Analysis of the CH long-range correlations from the H M BC experiment locates the hydroxy groups at C-2, C-3, C-19 and C-23/24. The 2a,3a-dihydroxy configuration is revealed by the split ting of the H-2 signal at ö 3.88, which shows one Vaa coupling of 10.7 Hz with H -la. One known compound with all these features is myrianthic acid (2a,3a,19a,24-tetrahydroxyurs-12-en-28-oic acid) . The carbon shifts of myrianthic acid in (Seto et al., 1984) are mainly in agreement with those of compound 2 which are taken in C D 3 O D and thus show some expectable solventdependent differences of 1-2 ppm at C-2, C-12, C-17 and C-28. This compound is not very common. It has been found for example in Myrianthus arboreus (Ojinnaka et al., 1984) and in R osa laevigata (Gao et al., 1993) .
Triterpene 3
Compound 3 was obtained from the n-hexane extract of the leaves. The carbon shifts in the rings B, C, D and E are in agreement with those of arborinol with a 3a-hydroxy group (Chakravarty et al., 1994) . The differences in ring A are caused by the ß-orientation of the substituent which is proved by the Vaa coupling of 11.6 Hz between H-3 and Ha-2. The resulting structure of isoarborinol is confirmed by comparison of the proton shifts with reference data (Gonzalez et al., 1990) .
Nortriterpene acid 4
This compound was isolated from the n-BuOH extract of the barks of branches. The MS shows the molecular ion at m/z 458 corresponding to the molecular formula C29H460 4 and the base peak at m/z 189, which is characteristic for saturated pentacyclic triterpenoids. The 13C NMR spectrum exhibits one keto group at 6 212.2, an acid func tion at 6 181.1 and an oxygen-substituted carbon at 6 78.9. Platanic acid possesses all the above mentioned features and its carbon shifts in C5D 5N (Fujioka et al., 1994) are in agreement with those of the isolated compound in CDC13 under con sideration of the solvent effects, which cause some deviations of 1-3 ppm for the carbons 3, 20, 28 and 29. The proton shifts taken in the same solvent are identical. Platanic acid is a very scarce nortriter pene acid. Until now it was only isolated from Platanus spp. (Platanaceae) (Aplin et al., 1963) and from Syzigium claviforum (Myrtaceae) (Fuji oka et al., 1994) . It exhibits anti-HIV activity (Fuji oka et a l, 1994) .
Triterpene acid ester 5
This sample was isolated from the n-hexane ex tract of the leaves. The base peak in the mass spectrum at m/z 438 together with the prominent peak at m/z 189 characterizes a pentacyclic triter pene acid derivative. The carbon shifts agree with those of betulinic acid (Siddiqui et al., 1988) . Addi tional signals (one carboxy signal at 6 173.7 and several signals at nearly 30 ppm) suggest the pres ence of a fatty acid residue. The mass spectrum shows several molecular ions indicating the dif ferent chain lengths of the fatty acid moieties. The molecular ion peak with the highest intensity at m/z 694 (4.4.% ) represents the compound 3 -0 -palmitoyl betulinic acid with the molecular formular C46H780 4. The peak with the second highest intensity at m/z 666 (3.2% ) identifies the homolo gous myristoyl derivative. Also homologues with even-numbered chain lengths between 18 and 30 carbons are present in the sample but in low con centrations (rel. int. 0 .1 -1 % ). M adhuca species are known to contain fatty acid esters of triterpenes (Hegnauer, 1973) . The main component of the isolated sample, 3-O-palmitoyl betulinic acid, is known from M adhuca butyraceae (Awasthi et al., 1968) , but has not been found in other plant species.
C om pou n d 6
The mass spectrum of this compound isolated from the MeOH extract of the leaves shows the [M] + peak at m/z 182.0585 corresponding to C9H 10O4. The base peak at m/z 123 represents a dihydroxy benzylium ion, which was formed by loss of a carboxymethyl group (Am/z -59) from a dihydroxy phenyl acetic acid methyl ester. The easy loss of MeOH to yield the corresponding lacton at m/z 150 locates one hydroxy group in ortho position to the acetic acid substituent. The ]H NMR spectrum shows an 1,2,4-trisubstituted ben zene ring. These data are consistent with 2,4-or 2.5-dihydroxy phenylacetic acid methyl ester. The 2.5-dihydroxy derivative is known from Entada p h a seo lo id es (Leguminosae) (Dai et a l, 1991) , but its carbon shifts are not consistent with those of the isolated compound. Calculation of the 'H and 13C shifts for the 2,4-dihydroxy compound with substituent increments shows good agreement with the values of the isolated compound. This structure and also the free acid are not known as natural products. The methyl ester is only men tioned once in the literature in a patent about skin whitening cosmetics (Oreal, 1993) . The acid is a part of the spider toxin clavamine, from which it can be gained by hydrolysis (Yoshioka et al., 1990) .
F lavanol 7
This compound was obtained from the MeOH extract of the leaves. The mass spectrum, the car bon shifts and the optical rotation are in agreement with those of (2/?.3/?)-3,4\5,7-tetrahydroxyflavan), which is known as (-)-epiafzelechin (Waterman P. G. et al., 1979) .
F lavon oid glycoside 8
The mass spectrum of this compound isolated from the EtOA c extract of the leaves, shows a very small molecular ion peak at m/z 478. Loss of thesugar moiety yields the aglycon as base peak at m /z 322 which agrees with the molecular formula C22H22 0 12 for a pentahydroxy methoxy flavone. The location of the hydroxy and methoxy groups was deduced from the CH long-range correlations in the HM BC experiment. Analysis of the 'H NMR signals belonging to the sugar moiety re veals an a-rhamnoside. The resulting structure 3,3',5,5',7-pentahydroxy-4'-m ethoxyflavon-3a-0-rhamnoside is known as mearnsitrin (MacKenzie, 1969) .
Additionally, the following common compounds were identified: Epicatechin was isolated from the MeOH extract of the leaves and identified by analysis of the mass and 'H NMR spectrum. Betulinic acid was found in the EtO A c extract of the bark of branches and identified by comparison of the R f value and of the MS spectrum with an au thentic sample. Ursolic acid is present in the nhexane extract of the leaves and in the EtOAc ex tract of the bark of branches. The mass and l3C NMR spectra of the isolated samples were in agreement with those of an authentic sample. Friedelin was isolated from the n-hexane extract of the leaves and identified by comparison of the 13C shifts of the isolated compound with reference data (Prakash et al., 1987) . Two samples, which contained mixtures of steroids with the same R r value, were isolated from the /7-hexane extract of the leaves and from the /7-hexane extract of the bark of branches. The main components of both samples were spinasterol and dihydrospinasterol, which were identified by GC-MS after acetylation of the mixture in the usual manner, a-and ß-A m yrin were identified in the sam e way from the /7-hexane ex tra ct of the bark of branches.
The plant also contains many triterpene acid es ters esterified with mixtures of homologous fatty acids like in sample 5, which were not investi gated further. 
Extraction and isolation
The dried leaves (1.2 kg) were extracted (three times overnight) with /z-hexane, EtOAc, MeOH and water, successively. After removal of the solvent under reduced pressure, 41 g / 7-hexane ex tract, 46 g EtO A c extract, 188 g MeOH extract and 113 g water extract were obtained. The n-hexane extract (15 g) was separated on silica gel 60 (120 g, 70-200 mesh) with increasing amounts of EtO A c in / 7-hexane (0-100% EtOAc, 124 fractions, each 50 ml). Fractions 12-29 (3.43 g) were further purified by CC on silica gel 60 (120 g, 230-400 mesh) using / 7-hexane-EtOAc (8:2) to yield 49 mg 3. From fractions 36-48 (3.38 g) 43 mg 1 and 20 mg 5 were obtained by CC on silica gel 60 (150 g, 230-400 mesh) with / 7-hexane-EtOAc (8:2). 20 g of the EtO A c extract were chromato graphed on silica gel 60 (70-200 mesh) and eluted with solvents of increasing polarity (2-100% EtO A c in n-hexane followed by 5-100% MeOH in EtOAc, 128 fractions with 100 ml). Fractions 110-114 (2.00 g), were purified with 100% EtOAc and 5% MeOH in EtO A c to yield 38 mg 2 and 44 mg
8.
27 g MeOH extract were separated by chroma tography on silica gel (270 g) eluting with increas ing amounts of MeOH in CHC13 (5% MeOH -100% MeOH, 66 fractions with 150 ml). Fractions 16-19 (403 mg) were further purified over silica gel using CHCl3-MeOH (8:2) to yield 10 mg 7. Frac tions 30-38 (0.35 g) gave 10 mg 6 after chromato graphy with The dried barks of branches (1 kg) were ex tracted three times with 80% aqueous methanol at room temp.; the organic solvent was removed un der reduced pressure. The aqueous residue was ex tracted three times with /i-hexane, EtO A c and water-saturated «-BuOH giving 2.01 g «-hexane extract, 54.51 g EtOA c extract and 167.94 g nBuOH extract. The «-BuO H extract was sepa rated by chromatography on silica gel (200 g, 70-200 mesh) with increasing amounts of MeOH in CHC13 as eluent (0% -100% EtOAc, 79 fractions, each ioo ml). Fractions 13-25 (211 mg) afforded 15 mg 4 after purification with CHCl3-MeOH
